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This work is intended to measure how real convergence observed in Portugal in the
1990s may have contributed to explain the inflation rate differential recorded during this
period. This quantification is developed through the simulation of a two-sector neo-
classical growth model. This model estimates that the differential associated with the real
convergence process stood probably between 1 and 2 percentage points in 1990 and be-
tween 0.4 and 0.6 percentage points in 1999.
1. INTRODUCTION
The convergence of the Portuguese inflation
rate to the inflation rate prevailing in the group of
countries with which a fixed parity has been main-
tained was started in October 1990, the date on
which the escudo pegging strategy was initiated.
However, this nominal convergence was not com-
plete. Currently, there is still a significant differen-
tial between the Portuguese inflation rate and that
of the mentioned group. The persistence of this
differential is becoming more relevant as member-
ship of Monetary Union implies a strictly single
monetary policy.
Eliminating all types of different nominal rigid-
ities, which could explain short-term changes in
prices in Portugal vis-à-vis the euro area, the infla-
tion differential seems to be due to real forces.
These “real explanations of inflation differential”
attempt at explaining the different pace of the gen-
eral price index of a given country vis-à-vis a ref-
erence zone through changes in relative prices of
the different goods. Thus, these real phenomena
should only explain “inflation” if the persistence
of their effects in the price differential were con-
siderable.
There have been several attempts at explaining
the differential through these relative price chan-
ges. One of the explanations, known as Balassa-
Samuelson effect, identifies different levels of de-
velopment with a growth rate differential of tech-
nological progress between sectors. As a result of
such differential, the relative price of non-tradable
goods increases in developing countries while re-
maining unchanged in developed economies. An-
other real factor related to the latter but consistent
with equal technological progress among goods is
directly related to the real convergence notion. In
the real convergence process, economy is in the
course of transition to a steady-state path, since
the capital-labour ratio is below the steady-state
value of this variable. Throughout this transition
path, the relative price of non-tradable goods rises,
for parameter values which describe the perfor-
mance of the economy.
Real convergence is frequently seen as a cause
for the inflation differential prevailing in Portugal
in the past ten years. However, the most interest-
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Pedro Duarte Neves for their comments.ing issue is not whether this is a reasonable cause
for the differential, but its relevance in quantita-
tive terms for this phenomenon. Hence this article
attempts at quantifying to what extent real conver-
gence in Portugal (convergence meaning the above
mentioned transition to a steady-state path) is re-
sponsible for the inflation differential observed
from 1990 to 1999, by estimating which part of this
differential can be attributed to real convergence(1).
Inflation differential in Portugal for the period
from 1990 to 1999 is presented in Chart 1. The in-
dex used is the Harmonised Index of Consumer
Prices (HICP) and the reference group is EU-11(2).
With a view to quantifying the relevance of real
convergence to explain the inflation differential, a
model will be used, able to simultaneously de-
scribe real convergence and the pace of relative
price between non-tradable and tradable goods.
This model will be adjusted to the Portuguese
economy, with the major objective of replicating
the pace of real output recorded in the past de-
cade. After this calibration, the model will be able
to respond to the pace of relative prices. This
quantification effort is particularly attractive be-
cause it imposes discipline on the model, a disci-
pline represented by replicating real convergence,
i.e. the transition path undergone by Portuguese
economy in the past decade.
2. THE EXERCISE
As mentioned above the objective of this article
is the quantification of the inflation differential
caused by the different position of Portugal in the
growth path when compared to the remaining
countries of the group. Thus, it will be assumed
that the reference group is undergoing a balanced
growth path thereby isolating the transition effect
of the Portuguese economy. The preferences of the
representative consumer may be represented as
follows:









where u is weakly separable into aggregate con-
sumption, C, and working hours, N,




- g g 1
where CT represents tradable goods consumption
andCt
Nnon-tradable goods consumption.
If inflation is measured by a consumer price in-
dex, this index, IP, will be described as follows:
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where PT represents tradable goods price and PN
non-tradable goods price.
Inflation rate as measured by this index will be
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T = represents the relative price of
non-tradable goods and $ P describes the growth
rate of P.
Given the assumption of the balanced growth
of the reference group, the inflation of the group,
p *, is measured by the rise of tradable goods
prices, i.e. it is assumed that there are no persisting
effects in the relative price of tradable goods
vis-à-vis non-tradable goods. In this case the infla-
tion differential, DIF, will be given by
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(1) An alternative tentative study of the inflation differential is
made in Costa, S. “Inflation differential between Portugal and
Germany”, published in this bulletin.
(2) If the reference group were EU-15 the description would be
very similar.This exercise consists in identifying the path of
the variable DIF from 1990 to 1999, in a general
equilibrium model calibrated so as to replicate the
performance of the output per capita in Portugal
during that period.
2.1 The model
The base model describes the general equilib-
rium of an economy over time, in which the level
of the output per capita in each period is below the
steady-state level of this variable for the same pe-
riod. The long-term growth of the economy is ex-
ogenous, and the economy tends to a situation of
balanced growth. The “small open economy” is
considered to be the best analogy to describe the
Portuguese economy in the period under review.
There is one single tradable good. If we abstract
from changes in terms of trade, we obtain a mar-
ketable asset whose price is exogenous for this
economy. This price will make it possible that the
economy converges to a balanced growth.
The economy is composed of agents whose
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where C is the consumption aggregate previously
described, and X represents the level of technolog-
ical progress.
There are three production factors in this econ-
omy: capital (K), labour, (N), and land, (T). In the
model, two of these factors are specific: the tech-
nology of tradable goods production uses capital
and labour and the technology of non-tradable
goods uses labour and land.
The technological progress is exogenous in
both technologies and is related across sectors in
such a way that the model converges to the steady
state after extracting the trend. Therefore, it is not
possible to impose technological progress distin-
guishing these two sectors permanently, in which
case the “Balassa-Samuelson” pure effect is elimi-
nated. The identification of the inflation differen-
tial percentage due to this channel raises some
problems, since there are neither direct measures
of the different rates of technological progress nor
aggregated behaviours from which these rates
may be inferred.
Technologies are described by the tradable and
non-tradable goods production functions
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and by the capital accumulation technology. As it
is well known in this type of models, the existence
of a transition period implies an accumulation
technology in which there are costs of adjustment
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Investment, It, is a tradable good.
The government has tradable and non-tradable
goods consumption, financed by non-distortionary
taxes. There are competitive markets for final
goods, labour, capital input and external asset.
The stages for the resolution of this model are
as follows(3):
• Formalisation of the problem of the planner
equivalent to the competitive general equi-
librium in stationary variables;
• Description of the conditions describing the
competitive equilibrium;
• Calibration of the model;
• Numeric resolution of the model in order to
obtain the DIF path. With this purpose, the
growth path is initiated through the devia-
tion of the capital stock per capita that per-
mits to replicate the path observed for the
output. The resolution of the model permits
to calculate the paths of the endogenous
variables of the model over the ten follow-
ing years. Among these, the relevant vari-
ables are output and the relative price of
non-tradable goods vis-à-vis tradable goods.
The growth rate of this relative price permits
to reply to the issue in question, i.e. the sub-
sequent calculation of the inflation differen-
tial.
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(3) These stages will be described in detail in a Working Paper by
the same authors, to be published shortly by the Banco de Por-
tugal.2.2 Calibration
There are two different levels of calibration.
The first one, which tries to replicate the steady-
state of the economy, is conventional in models of
real business cycles. In this exercise, in which the
observed pace of the economy must be interpreted
as a transition to that steady-state, more than an
attempt at replicating data, international regulari-
ties were followed. In the calibration of the
steady-state, a 1.75 per cent output growth rate per
capita was considered, i.e. it was considered that
the long-term growth rate of Portuguese economy
is identical to the growth rate of the economies
characterised by a balanced growth over this cen-
tury. This is, for instance, the figure for the United
States during the 1870-1994 period, in which a lin-
ear trend with this slope permits a good adjust-
ment to data(4).
The second calibration level, specific to the
issue in question, attempts at replicating the pace
of output per capita of the Portuguese economy
over the past ten years. The pace of output per ca-
pita in Portugal is broken down into the long-term
path and the path of transition to that long term.
The second calibration level uses this transition
path, as measured by percentage deviations from
the path in which Portugal would stand, should it
have pursued a balanced growth. The model is
calibrated as explained below, mainly through the
initial capital stock deviation, but also through the
parameter of adjustment costs and weight of non-
tradable goods, in order to replicate the path iden-
tified as the transition path of Portuguese econ-
omy.
With a view to identifying the transition path
from Portuguese economy data, a series of real
output per capita in Portugal from 1975 to 1999 was
used. This series was obtained from the output per
capita figure for 1975, at 1975 prices, a figure to
which real output growth rates from 1976 to 1999
were applied.
The Hodrick-Prescott filter was applied to this
series, so as to separate high from low frequencies.
The resulting smooth series was then broken
down into the trend and the transition to the
trend. For the calculation of the trend it was neces-
sary, in addition to the figure of 1.75 per cent
steady-state growth rate, to derive the steady-state
output level per capita. It was decided to chose as
exogenous variable the level of output per capita of
the group of reference countries and to define the
percentage deviation of the steady-state output per
capita in Portugal vis-à-vis the output per capita of
the reference group. The transition path obtained
for Portuguese economy is described in Chart 2,
which presents the percentage deviations of the
output per capita to the trend. This path permits to
identify a real convergence calculated for Portugal.
It should be noted that the convergence to the
group of reference countries is not being measured
but instead the convergence to the steady-state
path in Portugal. It can be concluded from the
transition path described in Chart 2 that over the
ten years in question, Portugal nearly halved the
distance recorded in 1999 from its steady-state: in
1990, Portugal was 22 per cent below its
steady-state, while in 1999 it stood at 12 per cent of
the steady-state path. The model will be adjusted
so as to replicate over 10 periods the real conver-
gence of output per capita, described by that transi-
tion.
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(4) Other figures used for the steady-state calibration were the fol-
lowing: discount rate of the stationary model: 0.96, percentage




Output per capita transition path of Portuguese
Economy, as measured by percentage deviations



















eThe output convergence path given by the
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÷ ÷ represent the
weights of the tradable and non-tradable goods in
steady-state.
2.3 The quantification
The calibration of the convergence path is only
possible when the capital adjustment costs are dif-
ferent from zero, as mentioned above. The manip-
ulation of the adjustment cost parameter, on the
basis of the values normally used, does not affect
significantly the convergence of the model(5).
The first quantification was carried out on the
assumption that the weight of non-tradable goods,
1-g, is 0.4. In this case the model replicates the
pace of the product when, in 1990, the capital
stock is 50 per cent below the steady-state level
and when the output steady-state level in Portugal
is 80 per cent of the steady-state level of the refer-
ence group.
In this case the output path given by the model
is represented in Chart 3. This chart describes the
percentage deviations for the real output trend de-
rived by the model.
Chart 4 describes the DIF pace. Hence, the in-
flation differential explained by the model for this
calibration would be 0.9 percentage points in the
beginning of the period and 0.36 percentage points
at the end.
Several tests of sensitivity to these results were
carried out. The main feature is the robustness of
the pace of relative price, once it is controlled for
the transition path of output per capita.
The parameter that most significantly changes
quantification is the weight of non-tradable goods
in aggregate consumption, and in the price index.
A value of 1 - g = 0.4 was used for this weight in
the calibration described. When this parameter is
increased to 0.6, the inflation differential ac-
counted for by real convergence widens. For a
smaller initial deviation of the capital stock, the
output path is reasonably replicated, (Chart 5),
and the inflation differential stands at 1.5 percent-
age points in the initial period and at 0.6 percent-
age points in 1999.
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Chart 3
OUTPUT - TRANSITION PATH
Output per capita transition path generated
































Inflation rate differential generated by the
model when the weight of non-tradable



























This work aims at measuring how real conver-
gence in Portugal, characterised by a transition to
steady-state capital per capita, contributes to the in-
flation differential between Portugal and a group
of reference countries. Using a reasonable range
for the value of the weight of non-tradable goods,
Chart 6 answers this question: this chart describes
the inflation differential band which, according to
the model used, may have been caused by real
convergence in Portugal.
In the first years of the period in question real
convergence cannot easily account for the infla-
tion differential. However, these early years are
certainly heavily influenced by the direct impact
of the exchange rate stabilisation policy, which is
not being taken into consideration in this work.
The wealth effects caused by the stabilisation lead
to a price increase in non-tradable goods to be con-
sidered together with the effect described in this
model. As these effects are more relevant in the
early periods it can tentatively be said that, from
1995 onwards, real convergence is largely respon-
sible for the inflation differential. In the last year of
the study approximately 0.5 percentage points of
the inflation differential are accounted for by the
real convergence phenomenon. Unless there are
other persistent shocks, this differential, by its
own nature, will narrow in the next decade.




Inflation rate differential generated by the
model when the weight of non-tradable
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Note: The solid line describes the inflation rate differen-
tial and the band limits the figures of the differen-
tial generated by the model.